The incidence of the four main types of axis deviation in each diagnostic group of congenital malformations of the heart was found by an examination of 2,752 electrocardiograms from the Harriet Lane Home Cardiac Clinic. Records from patients with dextrocardia or dextrarotation of the heart, and those with complete bundle branch block were excluded. The precordial and unipolar limb leads in the 289 electrocardiograms which showed left axis deviation were examined, and the types of precordial pattern most frequently seen in the different diagnostic groups analyzed. It is concluded that the precordial patterns show considerable difference in the various malformations associated with left axis deviation, and are of diagnostic aid.
T HE FREQUENT FINDING of left axis deviation in the electrocardiogram of patients with tricuspid atresia and its extraordinary rarity in other cyanotic cardiac malformations, prompted an investigation into the degree of deviation of the electrical axis of the heart in congenital heart disease.
A total of 2,874 electrocardiographic records was studied from different patients who attended the Harriet Lane Home Cardiac Clinic between 1946 and 1952. Only patients with congenital malformations of the heart are included; cases of functional murmur or acquired heart disease were omitted. The electrocardiogram described is that obtained at the first attendance. Among the 2,874 records, there were 77 instances of dextrocardia or dextrorotation of the heart and 45 instances of complete bundle branch block; eight of these showed a WolffParkinson-White syndrome, three left bundle branch block and 34 right bundle branch block. All of these were excluded from the study, leaving a total of 2,752 electrocardiograms from patients with congenital heart disease.
The clinical diagnosis in each case was based on a complete medical history, physical examination, fluoroscopy, and x-ray films of the heart. A red blood cell count, hemoglobin and hematocrit was obtained. MIany patients were subsequently re-It should be emphasized that a large number of patients referred to this clinic, particularly in 1946 and 1947, were in the cyanotic group; 845 of the 2,752 records were from patients with tetralogy of Fallot. For this reason, this study cannot be used to determine the incidence of the various malformations in congenital heart disease. It is believed, however, that within each diagnostic group, the incidence of the four main types of axis deviation can be assessed and is significant.
The findings in the present series are considered in two parts. Part I is devoted to the incidence of the different types of axis deviation in this series of cases, and Part There were 28 patients with left axis deviation not included in the six major diagnostic groups above. Of these, seven had auricular septal defects (two confirmed by cardiac catheterization). * There were also two patients with Eisenmeniger's complex and two with truncus arteriosus (which represented an * It has been the experience of this clinic, that in this malformation left axis deviation usually indicates a low septal defect of the ostiuim primum type.
incidence of left axis deviation of 2.5 per cent in both these conditions).
The 17 remaining cases are included in the group of "rare malformations" shown ill the last column of figure 2. There were 6 patients, out of a total of 19 patients, with situs inversus and levocardia in whom the electrocardiogram showed left axis deviation. One of the six came to autopsy and had a single ventricle and a large auricular defect. figure 3 . The total number of cases in each clinical group with a particular type of precordial pattern is shown in figure 4 . The patterns in the precordial leads give reliable information concerning the relative thickness of right and left ventricle. In this sense the term "preponderance" of one ventricle over the other has been used in the interpretation of these leads. Such preponderance may be normal and the term is not used to indicate hypertrophy.
Type I (R Pattern). The prominent R wave may be preceded by a Q or followed by an S wave, or both may be present. The R wave may be slurred but not notched and the duration of the whole complex is less than 0.10 second. When this pattern occurs in V1, it is taken to indicate right ventricular preponderance ( fig. 3, V1 type I ). An S wave is usually present in this lead in the physiological type of right ventricular preponderance seen in infancy. Consequently in this age group Rs pattern is frequent but R or qR is rare, and when it does occur, is usually associated with pathological right ventricular hypertrophy. Only 30 instances of this V1 type I pattern were found in the electrocardiograms showing left axis deviation, and subdivision into physiological and pathological patterns was not attempted.
An R or qR pattern in \5 which is the pattern of normal preponderance, was found in 224 records (fig. 4) come to be considered very typical of these two conditions; it is also frequently found in these malformations even when there is no deviation of the electrical axis. An rS pattern, which when seen in V1 indicates left ventricular preponderance and in V5 indicates right ventricular preponderance, was seen in both leads only in tricuspid atresia and single ventricle. It is believed that, at least in the former condition, it indicates clockwise rotation of the heart. A type IV pattern in both V1 and V5 was seen occasionally in tricuspid atresia and in ventricular septal defect.
DISCUSSION
The nomenclature adopted for the electrical axis of QRS is descriptive and does not indicate which of the subdivisions are normal or abnormal.
The presence of left axis deviation in children and even in youth may be of some significance. In a study of 1,276 electrocardiograms taken in 167 average healthy infants and children whose ages ranged from 3 weeks to 12 years, 4.73 per cent were found to have left axis deviation.7 The criteria for axis deviation was similar to that used in this study. In another series of 679 healthy infants and children ranging in age from 6 months to 9 years, only three were found with an electrical axis less than 0 degrees.8 A further study of 100 healthy children aged between a few weeks and 14 years, only two were found to have an electrical axis less than 20 degrees.9 Even in normal young adults left axis deviation is not a common finding; in a study of 500 young adult males no more than 22 were found to have axes less than 0 degrees. 10 Little uniformity has been present in the criteria adopted for the description of axis deviation in these reports on normal individuals. In the present series of patients, 845 had tetralogy of Fallot; the right axis deviation, which occurs so frequently in this condition, would decrease the incidence of left axis deviation in the group as a whole. Also, this series of patients with congenital heart disease, although very largely composed of infants and children does contain a small number of young adults. For these reasons the true significance of left axis deviation in the electrocardiograms of children is difficult to assess. Nevertheless, the incidence of 10.5 per cent of children with left axis deviation in this series of 2,786 patients with congenital heart disease suggests that this finding is frequently associated with an abnormality and therefore whenever found warrants further investigation before the child is considered normal.
In this large group of congenital cardiac (4) extreme right axis deviation (3.9 per cent). Electrocardiograms from patients with dextrorotated hearts or complete bundle branch block were excluded. Right axis deviation occurred in all the malformations studied but was most frequent in pulmonary valvular stenosis and tetralogy of Fallot.
No axis deviation was found also in association with all the malformations studied; it was seen most frequently in patent ductus, coarctation of the aorta, other aortic anomalies, and ventricular septal defects. Extreme right axis deviation was rare and occurred more frequently in transposition of the great vessels and in single ventricle than in other anomalies. 
